Abstract. Mosquito-borne illnesses like West Nile virus (WNV) and dengue are growing threats to the United States. Proactive mosquito control is one strategy to reduce the risk of disease transmission. In 2012, we measured the public's willingness to pay (WTP) for increased mosquito control in two cities: Key West, FL, where there have been recent dengue outbreaks, and Tucson, AZ, where dengue vectors are established and WNV has been circulating for over a decade. Nearly three quarters of respondents in both cities (74% in Tucson and 73% in Key West) would be willing to pay $25 or more annually toward an increase in publicly funded mosquito control efforts. WTP was positively associated with income (both cities), education (Key West), and perceived mosquito abundance (Tucson). Concerns about environmental impacts of mosquito control were associated with lower WTP in Key West. Expanded mosquito control efforts should incorporate public opinion as they respond to evolving disease risks.
Knowledge, attitudes, and practices surveys were carried out in these two cities in the summer of 2012. In Key West, residential and mixed residential/business parcels were randomly selected for survey recruitment. In Tucson, given the comparatively large size of the city, a cluster survey was conducted using random sampling of 1) 20 neighborhoods at least one mile apart, and then 2) parcels within selected neighborhoods. In both cities, surveys were conducted in-person, and recruitment was conducted at two different times of day on weekends and weekdays to obtain a sample that represented individuals with various work schedules. If participation was declined or there was no response at the household after two attempts, replacement households were selected using a systematic procedure. Timing of data collection in both cities coincided with rainy seasons, when mosquito densities are highest. 9, 10 The study protocol and survey instrument were approved by the Institutional Review Board of the University of Arizona (protocol number 11-0709-00).
The surveys included an extensive set of questions on knowledge and awareness of mosquito-related diseases, with a particular focus on dengue in Key West and both dengue and WNV in Tucson. Following these questions, a module was included to measure WTP for a hypothetical expansion of mosquito control efforts. Respondents were told:
Suppose that there was a proposal to expand mosquito control in the Keys so that the number of mosquitoes in this area would be cut in half. The types of control methods would be the same as what is currently used, but control would be done more often and in more places. To fund this expansion, your household (and other households in [the Keys/Tucson]) would be charged a fee of $100 per year.
Respondents who said "yes" were asked if they would still support the proposal if the fee were increased to $150, and respondents who agreed to this amount were asked if they would still support the proposal if the fee were $200. Respondents who said "no" to the initial $100 fee were asked if they would support the proposal if the fee were lowered to $50; if they said no to this amount, they were asked about their support if the fee were $25. This constitutes a triple-bounded dichotomous choice contingent valuation format (as in Langford and others 11 ). Responses to these questions provide a WTP range for each respondent. The starting bid of $100 was chosen based on survey pretesting, consultation with local mosquito control officials, and reference to other studies of WTP for mosquito control. 12 The economic literature on contingent valuation has shown that the selection of a starting bid can alter respondents' final WTP amounts, such that ideally, multiple starting bid amounts would have been randomized across respondents. 13 However, due to logistical constraints, we were not able to run multiple survey versions with different starting bids. We acknowledge this as a limitation of the study design. WTP results presented here should not be interpreted as definitive measures of the value of mosquito control within these populations, but rather as one set of estimates that can be compared across two cities and used to analyze within-city differences based on observed respondent characteristics, described below.
The distribution of WTP responses for the two cities is plotted in Figure 1 . Overall, WTP for expanded mosquito control was somewhat higher in Key West compared with Tucson (Pearson's χ 2 statistic = 11.7, P = 0.04). The proportion of respondents who were not willing to pay any of the proposed fees is roughly equal across the two cities: 26% in Key West compared with 27% in Tucson. † However, over half of respondents (51%) in Key West were willing to pay at least $100, compared with 45% in Tucson, and nearly one in five Key West respondents (18%) said that they would be willing to pay $200 (12% in Tucson).
Note that these WTP values were for increases in mosquito control above existing levels, which differed greatly between the two cities. The total budget for the Florida Keys Mosquito Control District was $14.7 million in 2011-2012, funded through ad valorem taxes, which equates to roughly $500 per household per year (28,503 households in the Florida Keys in 2010). Meanwhile, Tucson's vector control activities do not have specific funding and fall under the Consumer Health and Food Safety Program. This suggests that total demand for mosquito control was much higher in Key West compared with Tucson, despite the apparent similarity in the incremental WTP values measured by the two surveys.
We also examined variation in WTP across respondents within each city using interval censored regression. In these regressions, the dependent variable was the WTP range, which is censored at the low and high ends of the scale since in these cases we do not know the lower or upper bound, respectively, on WTP. ‡ In addition, we conducted binary logistic regression analyses using membership in the highest WTP category (> $200) as the dependent variable. In each of these multivariate regressions, a set of respondent characteristics described in Table 1 were included as independent variables. Results are summarized in Table 2 . We found that:
• Higher socioeconomic status was linked to higher WTP in both cities. Income was positively associated with WTP in both Key West and Tucson, and education was also positively associated with WTP in Key West.
• Other demographic factors were linked to WTP in Tucson, but not in Key West. In Tucson, both older respondents and respondents with children under 5 years in the household expressed lower WTP.
• Perceived mosquito abundance was associated with higher WTP for mosquito control in Tucson. Respondents who said they noticed "A moderate amount," "Quite a few," or "Very many" (versus "None" or "Very few") mosquitoes in their neighborhoods at the time of the survey also indicated higher WTP amounts.
• Environmental concerns may have led to somewhat lower WTP among some respondents in Key West. Respondents in Key West who expressed concerns about the environmental impacts of mosquito control were less likely to say that they were willing to pay the highest tax amount ($200).
Several other variables, including prior awareness of dengue and WNV and spending more time outdoors, were not significantly associated with WTP in either city. FIGURE 1. Willingness to pay for mosquito control by city. †Debriefing questions asking respondents about their reasons for their responses were not included in the survey. This is another limitation of the study design, preventing us from, for example, distinguishing "protest zeros" (i.e., expressions of zero WTP due to objections to the choice question or the payment mechanism) from "true zeros." ‡A natural lower bound would be $0, but WTP could even be negativethat is, it is possible that some respondents would need to be compensated in order for them to accept increased mosquito control.
Overall, results indicate that in two cities with different mosquito-transmitted disease exposure, the majority of the population was willing to pay to support increased publicly funded mosquito control. However, several issues would need to be addressed before such expansions of control efforts were implemented. First, given variation in WTP by socioeconomic status, paying attention to equity issues in the design of any program and payment scheme would be important. We do note that even in the lowest income groups, however, the proportion of respondents willing to pay at least $25 was fairly high (68% in Key West and 64% in Tucson).
Second, attention to the types of control methods used in each city would be required. Addressing residents' concerns about the environmental impacts of proposed methods would be important, as we find that these concerns are related to WTP in Key West, possibly due to the active mosquito control program in this city and residents' firsthand knowledge of several control methods (including adulticide spraying). In addition, WTP values were based on the assumption that the scaled up program would cut mosquito densities in half. These values would likely need to be adjusted depending on the actual results that could be expected from a proposed program. *Because a large proportion of respondents declined to provide data on household income (39% missing in Key West and 18% in Tucson), imputed data are used for this variable. Multiple imputation was performed using an imputation by chained equations process with the software package IVEware. Briefly, 1,000 datasets were created that imputed all missing information based upon responses to demographic information and mosquito/dengue knowledge.
Third, a final design question for mosquito control programs involves the types of mosquitoes that are targeted. Different surveillance and control methods are needed to target WNV (Culex) versus dengue virus (Aedes) vectors. Furthermore, nuisance and quality of life concerns influence WTP as well as demand for disease risk reduction. For example, another study in Madison, WI, estimated WTP for control of nuisance mosquitoes at $150 per respondent per year, but average WTP for control programs solely targeting WNV vectors was $0 given current levels of disease risk (about one case per 250,000 residents in 2009). The Key West/Tucson study did not separately measure demand for disease risk reduction versus nuisance reduction, but our findings provide hints that nuisance may be an important motivator in these contexts as well: while disease knowledge variables were not significant predictors of WTP in either city, households in Tucson that noticed more mosquitoes were willing to pay more for control. As the threat of both dengue and WNV evolve over time, however, disease risk may loom larger in the public's mind and WTP for mosquito control may increase. WTP = willingness to pay. Robust standard errors in parentheses. *** P < 0.01, ** P < 0.05, * P < 0.1.
